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Why were we interested in d+Au collisions?

PHENIX, PRC82, 011902(R) (2010)

e To confirm the high p; hadron

suppression is due to final state il 2 PRL 101, 262301(2008)
effects, and not cold nuclear matter = 1ﬂl""XJJAL'M%B}};;L};"éi;;ﬁ;}66'6;&} """""""""""" Il
(CNM) effects S ,g_  PHENIX

- Needed system without additional o osl +

effects from a hot medium. _ }
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e CNM effects include: I
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- ky-broadening p, (GeVic)
- Shadowing of parton distributions
- Cold nuclear matter energy loss 1.5 = cartoon . ichadowing Fermi-
_ And pOSSiny more--. ya-:- ----------------------------------------- E
10 .___ ........................ ............
<o .

e d+Au was more favorable for RHIC S~ B }
operation because of better rigidity 00 L | A Ye
m atCh O shadowing :

- p+Au became feasible later 02 X, Xe
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Direct photons / Jets in minbias d+Au

NATIONAL LABORATORY

e Direct photon Ry, is consistent with unity up to 16GeV/c
— No modification in initial hard scattering

e Jets Ry, is consistent with unity up to 50 GeV/c
- As expected from PDF (EPS09), no final state effect.

e Both are as expected.

PRC87, 054907 (2013) PRL 116, 1223011 (2016)

T "2E PHENIX  d+Au, s, = 200 GeV 7/
2.5H thAu o virtualy C (a) Y .
C Is\=200 GeV o Téo-taggill‘lg _ 1.1 anti-k,, R=0. 3]/6’( / .
L ronin+isospin - .
2: gromn+:sospm+gnagowmg e 1E % /% ]
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e Jets R,, shows a sizable centrality dependence
— Suppression in most central, enhancement in most peripheral

e Strong flow like A+A is seen in most central d+Au collisions
— Similar observation by the LHC experiments
- We didn'’t anticipate “flow” in a small system like p/d+A
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PRL 116, 1223011 (2016)
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PRL114, 192301 (2015)
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p/d+Au is no longer a baseline or a simple
system...

e Mini-QGP production?

- Initial state effects, e.g. CGC, will affect to
production cross-section of particles

- Final state effects, e.g. hydrodynamics will produce
flow-like structure
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p/d+Au is no longer a baseline or a simple
system...

e Mini-QGP production?

- Initial state effects, e.g. CGC, will affect to
production cross-section of particles

- Final state effects, e.g. hydrodynamics will produce
flow-like structure

e |If there is QGP, detail investigation of the
interaction of partons with the medium will give
iInsight on its characteristics

e Systematic study of the leading hadron spectra
in p/d/*He+A will help
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PHENIX Detector and analysis

e We analyzed 3He+Au events recorded in RHIC Year-14 run.

PH ENIX Flend Protes 2016
C

e ¥ are reconstructed via i® —2y channel
- Use of EM Calorimeter (EMCal, PbSc) for photon ID and energy measurement

e Events used this analysis are triggered by:
- Beam-beam counter (BBC) as minimum bias events: 2.0x10° evts

- EMCal and BBC coincidence trigger (ERT): 4.5%x10'% MinBias-equiv. evts
- Total analyzed luminosity: 22 nb-
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Event trigger and bias

e Min. Bias trigger has inefficiency

- Inefficiency is already studied in d+Au
collisions in detail.

- BBC charge distribution was compared
with a Glauber Monte Carlo simulation

folded with a negative binomial
distribution (NBD)

e Efficiencies for d+Au and 3He+Au are
both determined as 88%.

e Bias factors (BF) for centrality
selection are calculated

- Bias is from auto-correlation between
particles in mid- and backward rapidity

- Same method as d+Au case is applied
and calculated as in the following table

d+Au BF 094 100 103 1.03 0.89
SHetAuBF 095 1.02 1.02 1.03 0.89
9 2016-09-24
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PRC 90, 034902 (2014)

d+Au @ 200 GeV
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n? p; spectra in *He+Au collisions

® p; spectra have been measured up to p;:=20GeV for minimum bias
events as well as for four centrality classes

g 10" p
S =~ "HetAu, '+ X  ® 0-100%x 10
D 10°L  VSawy =200 GeV  * 0-20%x 10°
g = * 20-40%x 10°
> — °
ZI5_ 10F . * 40-60% x 10
Qb Q_|_ | ot ™
° L L. ° 60-88% x 10"
—|2 102 . e "o
= ° ° L4
N — ® ° b .
12 105E Lt tel e e
[ ® . 'Y ®
__ ® o ¢ L 2 ¢
10° . . ° .
- PH:ENIX e T
- preliminary t \
101 '
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p_ [GeV/c] Produced by
T N. Apadula
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n° Rpa INn °He+Au collisions

e R,, has been measured and compared with d+Au collision data

e Both absolute magnitudes and p; dependence are consistent within
quoted uncertainties

10+ X, sy = 200 GeV

< R
" 14 0-100%
1.2 H
1% . H
" Q [ : @ ﬁ ¢ $
0.8 +
06F —~—
- PH<ENIX
0.4F pr3e|iminary
- ® HetAu <N, >=104
0'2;_ dd+tAu<N_. >=76 Phys. Rev. Lett. 98, 172302
O_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
O 2 4 6 8 10 12 14 16 18 20
p. [GeV/c] Produced by
! N. Apadula
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n® R,, for various centralities

10+ X, {5y = 200 GeV
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10+ X, {5y = 200 GeV
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n? integrated R, , in *He+Au collisions

e Integrated R,, has been plotted with ones in d+Au

e At higher N .., d+Au and 3He+Au show very similar N .. dependence

part? part

e Atlower N, d+Au collisions show more enhancement
- More Cronin effect, or less suppression (energy loss)

0 + X, S = 200 GeV

< 1.8
< N
e - d+Au *Het+Au
3 1.6¢ o ° pTZSGeV/c
g 1_4:— o e p.=8GeVic
0) N
— B o ° > 10 GeV/c
= 12F + Pr
15 # :
[ T~
08C PHYENIX % % ==
[ preliminary
0.6 Produced by
[ T B B T B Nicole Apadula
0 5 10 15 20 25 30
NPart
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n? integrated R, , in *He+Au collisions

e Integrated R,, has been plotted with ones in d+Au and Au+Au

e Ry, from all three systems converge for N, ;>~12
— Similar degree of suppression suggesting similar hot matter is produced?

e System ordering of Ry, is seen for N ;<12
- Ryas”Rueas”Rauay- Of course, better precision is desired

0 + X, S = 200 GeV

< 1.8[
< r
. - d+Au “He+Au
8 1.6 o} e p >5GeVic Au+Au points
© C ! + (hand drawing:
5 1.4 o e p.28GeV/c 80-93, 70-80, 60-70%)
L - ° e p >10GeVic PRC87, 034911(2013)
= 12F + T
1 # :
0.8F PH\%@E*IIX % +$ == +
[ preliminary
0.6
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 5 10 15 20 25 30
NPart
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Fractional momentum loss in *He+Au

e Let’s convert Ry, to fractional momentum loss (dp+/p+).
- One can directly measure the spectra shift (dp;)

e 0-20% 3He+Au collisions shows similar R,, as 60-70% Au+Au
- At the same cms energy, the same R,, implies the same dp./p+

e Op/p;=~0.03in most cen\tral 3He+Au collisions

NATIONAL LABORATORY

> 10" E \‘\
© E \
g F PP X Tpg \ pripr(p+p) O =pr(p+p)-pr(d+A)
: |
10°E \
B A" PHENIX, PRC93, 024911 (2016)
. Au+Au TABLE IV. Centrality dependence of pr/p7” in Au+ Au collisions at
105 /Svnw = 200 GeV from 2007 data from the PHENIX experiment at RHIC.
i < 2007 data
10_7__ » Centrality py [GeV/c] spr/py Stat error Syst error
E T
60-70% 7.0 0.028 o o
i 10.0 0.011 o0t 002
10°g 12.0 0.037 o 0037
:l 111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 I 1111 0.0-- 0.037
6 7 8 9 10 11 12 13 14 15

P, (GeVic)
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Summary

e p/d+Au system is no longer a baseline or a simple system.
— Sizable particle flow (v,) has been seen in the most central d+Au collisions
- Jet Ry, shows anomalous centrality dependence (suppression/enhancement)

e |tis important to measure the spectra/R,, systematically in small
systems, i.e., p+A, d+A and 3He+A

e ¥ have been measured in 200GeV 3He+Au collisions for the first time.
- Ry, looks very similar to the ones in d+Au.

e Integrated Ry, from d+Au, *He+Au and Au+Au merge at N, >~12.
— Similar degree of suppression suggesting similar hot matter is produced?
- System ordering of Ry, is seen for N,,,<12, i.e., R4z, >Ryea>Rauau-

e Fractional momentum loss (8p/p+) is ~0.03 for 0-20% 3He+Au collisions
—  From the dp/p; in 60-70% Au+Au collisions at the same cms energy

2016-09-24 T. Sakaguchi, HP2016@Wuhan, China
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Comparing with new collision systems

o —
>0 225 = >He+Au 200GeV 0-5%, arXiv:1507.06273
- = d+Au 200GeV 0-5%, PRL. 114, 192301
028 & p+Au 200GeV 0-5%
0.18F SONIC *He+Au
- E== SONIC d+Au
0'16:_ &= SONIC p+Au
0.14F arXiv:1502.04745
0.12F
0.1
0.08
0.06F
0.04 —~———
n PH:-<ENIX
0-02;_ preliminary
_III|IIII|IIII|IIII|IIII|IIII|IIII

0

0.5 1 1.5 2 2.5 3 3.5
Pointer to Itaru and Shengli’s talk, Seyongpsr;{&ﬂwc]

18 2016-09-24 T. Sakaguchi, HP2016@Wuhan, China



N
PH -

19

o~ [~k SN2
[RiEIRe Proloes 2006

8™ International Conference on Hard and Electromagnetic NATIO :! LABORATORY
Probes of High-Energy Nuclear Collisions ‘

Ridge-like structure is observed in d+Au

PHENIX, PRL114, 192301 (2015)
h*- - MPC south correlation

functions in central d+Au d+Au p+p
and minbias p+p collisions T S N,
CAAI : : - ()@ p,, :0.2-1.0GeVic 14F (d)®p_  :0.2-1.0GeVic .
- Au-going direction 3 1.04F -0.35<n_ <0.35 - —1+32c,cos(nAd)
g ' ook 37 <1 "% 3.1, Au-going
Near-side peak clearly 3 100 ‘
seen in d+Au but not in 0.98F :

d+Au 0-5% 0.8

ptp

p+p . e
1.06c (b)® P 1:0-20 GeVic 1 1.4F (€)®p, :1020GeVic 1
: = 1.04F - [ ]
Analyze correlation $ o 1 12f ]
functions with Fourier fits 2 % . W N S
O 1.00k:-g P e Y
0.9gWe™ - ‘ d+Au 0-5% 0.8 p+p _
2"d order component (c,) s B
iIncreases as p; becomes 106 (c)®p,, . 20-40GeVic 7 14r ()®p,  :20-40GeVic
larger o 1.04F 1 ]
3]' 1028 P ]
Similar correlation but the © "% geeg == F =k
smaller strength is seen in ~ 0%e d+Au 0-5%
h*- - MPC north correlation R R R R R

A¢ (rad)
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Ridge evolution in n°>-MPC south / Au-going...

20

MPC south

-C, /c, from n® - MPC
south correlations
-~ Au-going direction
—~ Assuming c, is a proxy of
jets or global momentum
conservation

d

Measure shape evolution
by relative magnitude of
2nd order component

-C, /c, > 0.25 corresponds
to near-side local
maximum (if c; = ¢, = 0)

2016-09-24

=R)

- ¢,/c, (

OR/R

A

MPC north

1 —
. n%in n|<0.35 d+Au@) s =200GeV
Assoc: MPC-S E, ®05% [10-10%
_ -3.7<n<-31 M0-20% A10-20%
0.8~ PHYENIX 1720-40% 4 P*p
- preli}ninary
0.6 $ ‘ -c,lc,=0.25 !
- moe ‘
- m
0.4 L ¢
[ basm
R O DSRS0 SR S
0.2 Ve 3
O i 1 I 1 I 1 I 1 I 1 I 1 I A I |
0.1 p, corr. systematic error, lines: d+Au, band: p+p
0 _—
-0.1= . . . . . . .
1 2 3 4 5 6 7 8 9

pf (GeV/c)
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